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This paper presents a life-form analysis of the 558 species 
of seed plants that are reported to be native or naturalized in 
the Great Plains of southern District of Mackenzie. The life- 
form classification used here is that of Raunkiaer (1934), 
which is based on the kind and degree of protection given to 
the perennating buds during the unfavorable season. 01 
the several life-form systems that have been proposed, that 
of Raunkiaer is most widely used, in large measure because 

of its simplicity and ready applicability. 

Apparently the only life-form studies previously made on 
Canadian floras are those of Raunkiaer (1934), which were 
first published in 1908, and those of Scoggan (1950). Raun¬ 
kiaer based his work on such floristic lists as were then avail¬ 
able for the regions he chose to analyze. These lists, some 
of which had been compiled a number of years before Raun¬ 
kiaer made use of them, were for the most part quite incom¬ 
plete accounts of the various floras. As a )’esult, the life- 
form studies based on them present statistics and conclu¬ 
sions that mav not be entirely valid. Scoggan’s studies, in 
contrast, were based on his own and other relatively com¬ 


plete and recent accounts of the eastern Canadian floras con¬ 
cerned. If the Raunkiaer system of classification of life- 
forms is to be tested foi- boreal America, many additional 
life-form analyses are needed. The present pai^er is offered 
as a contribution to this end. 

The Great Plains of southern Mackenzie extends from the 
Laurentian Plateau on the east to the IMackenzie Mountains 
on the west and from the Mackenzie-Alberta border (60^’N) 
on the south to latitude 62°N on the north. The area en¬ 
compassed is about 45,000 square miles. Elevation varies 
from about 520 feet at Great Slave Lake to 1600 feet in the 
Mackenzie Lowlands east of the Liard River. The region 
lies wholly within the boreal forest and principally in the 
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Mackenzie Lowlands. Tlie climate can be descilbed as north¬ 
ern continental, with short, dry, and relatively warm sum¬ 
mers and long cold winters, (see climatological data in Table 
1 ). 

The region was chosen for life-form analysis because of 
thi*ee main considerations. First, the flora of the Great 
Plains of southeim Mackenzie is better known than that 
ol any other large portion of the disti'ict and is on record in 

Table 1. 

Climatological data for Fort Simi)son, Hay River, and 
Fort Smith, N.W.T, (from Anonymous, 1954). 


Fopt 

Simpson 

Hav River 
« 

Foi’t Smith 

Moan annual jjiocipitation 
in inche.^ J 

2.1.*! 

12.02 

12.63 

Moan annual rainfall 
in inches 

7.61 

7..S-1 

7.07 

Moan .Juno, July, and 

Aujrust rainfall in inchos 

5.4 () 

4.06 

5.05 

Mean January teinporatuie 
in (lei^rees F 

-15 

-12 

13 

Mean July teni|)erature 
in (le;;r(‘(‘s F 

62 

60 

61 


I'elatively lew publications (Cody, 1957, 19(11 ; Jeffrey, 1961; 
Uauj). 1917; and Thieret, 1961, 1962, in press). Second, the 
over-all climate of tlie region appears not to vaiy markedly 
eithei* from east to west or from noi'th to south, as can be 
seen by examining climatological data (Table 1) from Fort 
Simi)son, Hay liiv^er, and Fort Smith, three widely separated 
settlements. Third, the author has cai'i’ied out field work 
during four seasons of study of floi’a and vegetation along 
the Great Slav-e Lake Hig'hway and has observed in the field 
and collected about 80 peicent of the s|>ecies considered in 
the preparation of this pai)er. Too often, life-form studies 
are based almost entirely upon herbarium specimens and not 
upon all-imi)oi-tant field obsei-vations on the i)lants concei-ned. 

Raunkiaer’s life-form system is comidetely independent of 
the usual classification of i)lants into species, genei’a. etc., 

and I’ecognizes five principal classes, wliich may be charac¬ 
terized as follows. 

Class 1. PHANEROPHYTES (Ph) bear their perennating 
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buds well above the ground and they are almost all trees and 
shrubs. Because the buds are elevated and exposed to the 
full impact of the environment, and because tlie severity of 
conditions increases with height aijove the ground, the ])han- 
erophytes are logically subdivided into heiglit classes for 
life-form analvsis: megaphaneropliytes (Mg), over 
meters tall; mesoplianerojiliytes (Ms), between 8 and 30 
meters tall; microphanerophytes (Me), between 2 and 8 
meters tall; and nanophaneroi)hytes (N), between 25 centi¬ 
meters and 2 meters tall. As a class, the phanerophytes are 
predominant in liumid tropical floras and tend to decrease Iti 
proportion to other life-forms in regions with climates less 

favorable to plant growth. 

Class II. CHAMAEPHYTES (Ch) have their buds above the 
ground but lower than 25 centimeters, so that in the un¬ 
favorable season thev may receive some pi'otection fi-om 


fallen snow and leaves or from the dense growth of the plant 
itself. The buds of this class are obviously less exposed to 
the impact of the environment than are those of phane¬ 
rophytes. In a general way, the percentage of chamaephytes 
in a flora tends to increase with increasingly high altitude or 
latitude or both. An especially high proportion of chamae¬ 
phytes ai)pears to characterize floras of arctic and ali)ine 


regions. 


Class 111. HEMICKYPTOPHYTES (H) have their buds in the 
surface of the soil and are thus even better j)rotected than 
chamaephytes. This class tends to be dominant in floras of 
temperate I'egions and often constitutes halt or more of the 
species of an area, especially in grasslands and in deciduous 
forests; they are also common in tundra except under ex¬ 
treme conditions (Cain, 1950). Raunkiaer distinguisluHl 
three principal subtyi)es: the non-rosette or pi-otohemicrypt- 
ophytes (Hp), the semirosette (Hs), and the I'osette types 
(Hr). The first type is without basal rosettes of leaves; the 
second has both basal and stem leaves; and the third has its 
leaves in a compact liasal rosette. 

Class IV. CRYPTOPHYTES (Cr) have their buds beneath the 
surface of the soil, in water, or in the substratum undei- the 
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water. The buds are manifestly much better protected tlian 
those of plants whose bud-bearing’ shoots are in or above the 
surface of the soil. liaunkiaer recog’iiized three principal sub¬ 
divisions: gfeophytes, helophytes, and hydrophytes. Geo- 
phytes are land plants, and their perennating structures are 
commonly bulbs, corms, rhizomes, stem-tubers, or root- 
tuliers. Helopliytes grow in soil saturated with water, or in 
the water itself, but their vegetative shoots are emergent. 
The hydrophytes include those aquatics that are free-floating 
and those that root in the substratum beneath the water but 
whose vegetative shoots are submerged. In the present 
study, as in most other life-form analyses, the hydrophytes 
and heloi)hytes are combined into one class (Hll). Crypto- 

phytes appear not to be tlie dominant life-form of any par¬ 
ticular climate. 

Class V. THEliornYTES (Th) are annual ])lants, which 
survive the unfavorable season in the form of seeds. Thev 
are particularly abundant in desert floras and in the weedy 

communities that develoj) where native vegetation is dis¬ 
turbed. 

The “lite-form spectrum” of a particular flora shows the 
liercentage-distriliution of the five life-form classes in that 
flora. Such a spectrum can be used, in comparison with spec¬ 
tra of other floras, to reflect phytoclimatic differences be¬ 
tween I’egions and can give an indication of the type of 
phytoclimate (i.e., whether i)hanerophytic, chamaephytic, 
hemici’yptophytic, or thei*oi)hytic) of the region concerned, 
Raunkiaer’s “normal specti’um” was develoi)ed by him as the 
result of 10(10 random sami)lings of the woi’ld flora. It may 
or may not rei)resent accurately the flora of the woi’ld as a 
wliole, l)ut it does sei've as a useful standard for comi)arison. 
Rvery I’egional si)ectrum will have at least one class whose 
l)ercentage is higher than tiiat of tlie normal; this class can 
l)e taken as an indicator of the phytoclimate of the region 
(Oosting, 1050). 


Tlie data used in the present study were obtained from 
field work and from suiipiementary observations on dried 
specimens in the herliaria of Chicago Natural History Mu- 
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seum, the University of Minnesota, and tlie University ot 
Southwestern Louisiana. The held work was supported by 
Chicago Natural History Museum (1958, 1959) and by a 
grant from the National Science Foundation (19(il, 1962). 
A few species that have been reported to occur in the south¬ 


ern Mackenzie Great Plains were not considered during the 
compilation of tlie data for tliis i^aper because these plants 
are seemingly waifs and not trulv naturalized members of 

the flora. 


Table 



Life-form distiabution of the southern Mackenzie Gi’eat 


Plains flora. Data obtained from the study of 558 species. 


PHANEROPHYTI-:S (Ph) 



total species 

percent of flora 

Mejj;ai)haneropliytes (Mg) 

1 

0.2 

Mesophaneroi)hytes (Ms) 

i 

1.2 

Microphanerophytes (Me) 

IG 

2.9 

Nanoi)hanefophytes (N) 

31) 

7.1 

Total Pliaiierophytes 

G3 

11.3 

CHAMAEPHYTES (Ch) 



Herbaceous cliaiiiaephytes (Chli) 

23 

4.2 

Woody chamaephytes (Chw) 

18 

3.2 

Total Chamaephytes 

41 

(.3 

HEMICRYPTOPHYTES (H) 



Protohem if ryptophytes (Hp) 

49 

8.9 

Semi-rosette 



hemicryptopliytes (Hs) 

214 

38.9 

liosette hemicryptophytes (Hr) 

37 

6.7 

Total Hemicryptoi)hytes 

300 

o3.8 

CRYPTOPHYTES (Cr) 



Helo-Hydroi)hytes (HH) 

41 

7.3 

Geophytes (G) 



Rhizome .^’eophytes (Grli) 

44 

8.0 

Stem-tuber j^eophytes (Gst) 

G 

1.1 

Root-tuber j^^eophytes (Grt) 

o 

O 

0.5 

Bulb p:eophyt(;s (Gb) 

o 

O 

0.5 

Root-bud j>eoi>hytes (Gr) 

1 

0.2 

Root parasites (G))) 

1 

0.2 

Total Crypto])hytes 

1)9 

17.7 

THEROPHYTES (Th) 

55 

9.8 
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During’ the course of the field work, specimens for life- 
lorm analysis were collected toward the end of the growing' 
season or even after the first frost in order to assui’e that 
the pei’ennating structures would be as nearly as possible in 
winter condition. Colonies or individuals of the vai’ious spe¬ 
cies were located earlier in the season and were suitablv 

« 

marked for later study. For all collections, data were recoi’d- 
ed concerning the position of perennating structures in rela¬ 
tion to the soil surface. These field data are especially 
important in the case of hemicryptophytes and cryptophytes. 

which may be difficult to assign to the pi’opei’ life-form class 
on the basis of herbarium study alone. 


Table 8. 

Life-form spectrum of the .southern Mackenzie Great 
Plains flora, compared with the “normal spectrum” and with 
s|)ectra of other North American regions. 



I‘h 

Ch 

H 

Cr 

Th 

SoutluM M Maokotizip Great Plain."; 

11. 

7..8 

.33.8 

17.7 

9.8 

“Normal Si)cc'ti*um“ 

4().0 

0.0 

2(5.0 

(5.0 

13.0 

F.lle.'^inero Island (Raunkiaei-, I!).‘M) 


2.8.3 

f ) 5. f) 

11.0 


Palfin Island (Raunkiaei-, 

1.0 

.30.0 

31.0 

1(5.0 

2.0 

Canadian Eastern Arctic (Sco.i»*.i»*an, 

1 !).:>()) 

20.4 


10.3 

2.1 

Sitka, Alaska (Raunkiaei*, 1!)84) 

1 1.0 

7.0 

(50.0 

17.0 

r),() 

Hie and (lasjie (Sc()}.i[*.L 4 ’an, IDoO) 

1 o.:i 

7.8 

48.7 

18.0 

14.1 

We.stand Central Quehec (.Sco.ujran, 

i!)r>o) !<).(; 

3.3 

43.(5 

22.4 

13.8 

Indiana (McDonald, l!)o7) 

1.3.8 

1.7 

30.3 

10.(5 

13.0 

Illinois (Hanstm, 11)7)2) 

l.’l.O 

2.0 

4 7.») 

17.1 

14.4 

Kentucky (Gibson, l!)(il) 

17.() 

1.4 

32.(5 

1 (!.() 

I 1.8 

Connecticut (Ennis, 1028) 

Clymiiic Peninsula, Washington 

13.0 

1.0 

40.4 

21.7 

1 1.7 

(JolULS, 11)2()) 

11.0 

(5.0 

32.0 

22.0 

0.0 


A tabulation of life-foi’m data for the southern Mack('nzi(‘ 
(Jreat Plains is given in Tal)le 2. In Tal)le 8 comi)aris<)n is 
made between the “noi-mal specti’um,” the spectrum of tlie 

Mackenzie plains, and tlie spectra of several otliei' North 
Amei’ican I’egions. 

The following excerpt from Raunkiaer (1981, j). 188) 
serves well as an inti’oduction to a bi’ief discussion of the 
data in tables 2 and 3. 




1%3] 


Life-Forms — Thieret 


155 


In the northern cold temperate and cold zones as we 
gradually go towards the north we find that the biologi¬ 
cal spectrum of the vegetation changes in a very definite 
manner. The Phanerophytes and the Therophytes de¬ 
crease and finally disappear. The Cryptophytes, too, 
which are well represented throughout most of the 
region, disappear entirely from the liostile regions of 
the extreme north. The i)ercentage of Hemicrypto- 
pliytes keeps fairly constant, being approximately 
double the percentage found in the whole world. Tlie 
Chamaephyte percentage on tlie other hand gradually 
increases towards the north; in the southern parts ot 


m 


--- 

but after reaching this figure it soon doubles it. Ulti- 
matelv the Cliamaephyte percentage becomes three 


more that of tlie Norm 


All these 


changes follow the same series everywhere, whichever 
meridian we follow. 

It is evident from the data in Tables 2 and o that the 
phytoclimate of the southern Mackenzie Great Plains is 
decidedlv hemicryptophytic. The hemicryptophyte peicent- 


mal 


in line 


with Raunkiaer’s assertion. Although Raunkiaer states that 
the percentage of hemicryptophytes keeps fairly constant in 
the northern cold temperate and cold zones, there seems to 
be a tendency for this class to increase somewhat, to a jioint 
at least, with increase in latitude and with accompanying 
decrease in ])hanerophytes and therophytes. The significance 
and constanev of this tendency cannot be known until many 
more life-form data ai-e available than at present. 

The phanerophyte iiercentage is, as could be expected, 
somewhat lower than that of regions further south. The 

total percentage and the phanerophyte-subdivision peicent- 

provide statistical demonstration of tlie well-known 
phenomenon that the stature ol woody plants is piogiessiv^e- 
ly reduced as the continental tree-limit is approached. About 
130 feet is the maximum height for trees in the soucliein 
Mackenzie Great Plains. The only megaphanerophyte is 
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Pnin.s IxniliSKtiia, Ahifi^ Idxiocarpa, Larix laricixa, Bcfula 
ixipyrift'm, Popxlns ircniuloi(/< s, aiul P. balmxiifem) ai'e 
nu'st)|)hanei'()|)hytes here but may be me^'aj)haiieroj)liytes 
iurthei’ south. Otliei’ good examj)les of the chang’e in life- 
form ol woody plants with increase in latitude are seen in 
Prnnus and I*. ])cnsylranica, which in southern 

Mackenzie, at the northej'ii edge of theii’ range, are nano- 
idianerophytic, loaching about 5 feet in height. Further 
south each ot these si)ecies may be mesophaneiophytic, 
reaching at least 30 feet in height. 


The chamaephyte i)ercentage is considerably above the 
])ercentage of this class shown by floi-as of parts of North 
America with a climate more favorable to i)lant growth. 
Ihis relationship is in harmony with Kaunkiaer’s i)ostulate 
that the chamaephyte percentage in floras tends to increase 
with increase in latitude. Of particular interest in the 
southei’n Mackenzie Great Plains flora is the j)i’eponderance 
of herbaceous forms among the chamaephytes. 

According* to Ilauidviaer, the cryptophytes are well I'epre- 
sented throughout most ot the northern cold temperate and 
cold zones. They are well i’ei)resented in the southern Mac¬ 
kenzie Great Plains flora, the percentage being neither 
greatly above noi* g’l’eatly below’ the i)ercentage for other 

studied North Amei’ican floras, exce])t those in the extreme 
north. 

In connection with the thei’ophyte i)ei'centage in the 

southern Mackenzie Great Plains flora it should be noted 

that most ot the inti’oduced plants in the region are annuals 

and that these introduced annuals constitute one-lialf of tlie 

theroi)hyte poi)ulation. The subarctic climate is, of coui’se, 

not too favorable to the thero|)liytic habit; it may account 

for the low' percentage (1.0) of native theroi)liytes in the 

flora and may explain, in part at least, why more inti'oduced 
annuals ai’e not present. 

In summary, the data in this life-foi-m study indicate that 
a climate most suitable to hemicryptophytes pi'evails in the 
southei n IMackenzie (ii’eat Plains. Those data are generallv' 

c ^ ^ 

ill hcirnioiiy with Kaunkiacr’s assertions concerning’ tlie 
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cliange in life-form spectra of floras in cold temperature and 
cold zones with increase in latitude. 
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